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The recen t  increased importance o f  coa l  as an energy source has d i c t a t e d  t h a t  I 
more knowledge be ob ta ined  about  the  bas i c  molecular  p r o p e r t i e s  o f  t h e  s o l i d  and 
i t s  conversion p r o p e r t i e s .  
has been employed on a l i m i t e d  bas i s  f o r  t h e  ana lys i s  o f  coal de r i ved  l i q u i d s  as 
w e l l  as pet ro leum samples. Extens ive C-13 NMR work has been c a r r i e d  ou t  i n  o u r  
l a b o r a t o r i e s  on Utah coa l  de r i ved  l i q u i d  samples which have been subjected t o  LC 
and GPC separa t i on  techniques.  NMR da ta  taken a t  25 MHZ and 75 MHZ have been 
analyzed on t h e  a c i d i c ,  bas ic ,  and n e u t r a l  p o r t i o n s  o f  t h e  o i l s  i n  quest ion.  
These data have demonstrated t h a t  va luab le  chemical i n f o r m a t i o n  can be r e a d i l y  
obta ined on a romat i c  and hydroaromatic r i n g  s t r u c t u r e s  and r i n g  s u b s t i t u e n t s  i n  
coa l  l i q u i d s  ob ta ined  from d i f f e r e n t  sources. 
r e s u l t s  w i l l  be d iscussed.  

I. I n t r o d u c t i o n  

S t a r t i n g  as e a r l y  as 1966, Carbon-13 NMR spectroscopy 
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The chemical s i g n i f i c a n c e  o f  these 

The recen t  increased importance o f  coa l  as an energy source has d i c t a t e d  
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t h a t  more knowledge be obta ined about t h e  b a s i c  molecular  p r o p e r t i e s  o f  t h e  
s o l i d  and i t s  conve rs ion  products .  I n  the  s o l i d  form, coal  does n o t  r e a d i l y  
l end  i t s e l f  t o  a d e t a i l e d  mo lecu la r  c h a r a c t e r i z a t i o n .  However, r e c e n t  advances 
i n  experimental techniques1 have been q u i t e  encouraging and promise t o  shed new 
l i g h t  on t h i s  chemical s t r u c t u r a l  c h a r a c t e r i s t i c  o f  s o l i d  hydrocarbons. 

magnetic resonance has been employed on a l i m i t e d  bas i s  f o r  t h e  ana lys i s  o f  
coa l  der ived l i q u i d s  as w e l l  as pet ro leum  sample^.^^^ 
somewhat hampered i n  these i n v e s t i g a t i o n s  due t o  such comp l i ca t i ng  f a c t o r s  as: 
1 )  inst rument  s e n s i t i v i t y  and techniques; 2 )  t h e  l a c k  o f  an ex tens i ve  r e s e r v o i r  
of Carbon-13 magnetic resonance (CMR) da ta  on which t o  base d e t a i l e d  s p e c t r a l  
i n t e r p r e t a t i o n ;  and 3)  t h e  ext remely complex chemical composi t ion o f  t h e  m a t e r i a l s  
under i n v e s t i g a t i o n .  
f o r  the a n a l y s i s  o f  complex hydrocarbon i n v e s t i g a t i o n  have l a r g e l y  been over-  
come i n  t h e  pas t  5-7 years w i t h  the advent o f  f o u r i e r  t rans fo rm NMR techniques.5 
Many e a r l y  workers i n  t h e  CMR f i e l d  concentrated t h e i r  e f f o r t s  on hydrocarbons 
and by t h e  e a r l y  1970s a f a i r l y  ex tens i ve  body o f  chemical s h i f t  data on f o s s i l  
f ue l  der ived hydrocarbons was emerging.6 Advances i n  i ns t rumen ta t i on  has . 
s i g n i f i c a n t l y  a ided i n  t h i s  i n t e r p r e t a t i o n  o f  t h e  composit ion o f  complex hydro- 
carbon m ix tu res .  
a r o m a t i c i t y  o f  v a r i o u s  coa l  s a m p l e s 2 ~ 3 ~ 4 ~ 6 y 7 ~ 8  and average molecular  parameters,g 
o n l y  l i m i t e d  progress was made i n  inc reas ing  the  s o p h i s t i c a t i o n  o f  t h e  a n a l y t i c a l  
r e s u l t s  obta ined by means o f  CMR. 
t h e  e x t r a c t s  f rom coal . lo , l l  However, r e c o g n i t i o n  o f  t h e  necess i t y  t o  f r a c t i o n a t e  
coa l  de r i ved  l i q u i d s  i n  o rde r  t o  enhance sample a n a l y s i s  has prov ided use fu l  new 
in fo rma t ion  rega rd ing  t h e  chemical s t r u c t u r e  o f  t h e  l i q u i d .  12,13 While LC 
and GPC separa t i on  schemes r e q u i r e d  t o  f r a c t i o n a t e  the  coal  l i q u i d s  a r e  w e l l  
known, they  i n v o l v e  s i g n i f i c a n t  e f f o r t .  

Th i s  work i s  t h e  f i r s t  i n  a se r ies  d e s c r i b i n g  the chemical i n f o r m a t i o n  
de r i ved  f r o m  t h e  LC and GPC chromatographic separat ion and CMR a n a l y s i s  o f  t h e  
l i q u e f i c a t i o n  p roduc ts  o f  Hiawatha h i g h  v o l a t i l e  b i tuminous coa l .  

S t a r t i n g  w i t h  t h e  work o f  F r i e d e l  and R e t c o f ~ k y , ~ , ~  Carbon-13 nuc lea r  

E a r l y  works were 

The problems associated w i t h  adequate i ns t rumen ta t i on  

Whereas, e a r l y  s tud ies  were concerned w i t h  such problems as 

More recen t  workers focused on a n a l y s i s  o f  I 

I 
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11. Experimental 

A. L i q u e f i c a t i o n  and Separat ion Procedure 

The coa l  used i n  t h i s  s tudy was Utah h igh  v o l a t i l e  bituminou;+B rank. The 
d e t a i l s  o f  t h e  hydrogenat ion procedure have been g i ven  elsewhere. 
hydrogenation product  was i n i t i a l l y  ob ta ined  as a " l i g h t  l i q u i d "  and "heavy 
l i q u i d "  p roduc t  i n  t h e  two condenser u n i t s  o f  t h e  r e a c t o r .  
genated p roduc t  was separated i n t o  sa tu ra tes ,  monoaromatic, d ia romat i c ,  t r i a r o -  
ma t i c ,  and po lya romat i c /po la r  f r a c t i o n s  u s i n g  g r a d i e n t  e l u t i o n  th rough  dua l -  
packed ( s i l i c a  gel-alumina e l )  abso rp t i on  columns accord ing t o  t h e  technique 
descr ibed by H i r sch  e t  a l . "  Fu r the r  separa t i on  o f  these f r a c t i o n s  was ob ta ined  
by means o f  g e l  permeation chromatography (GPC) i n  accordance w i t h  t h e  pro-  
cedure o f  Haines and Thompson.16 The separa t i on  scheme employed i s  po r t rayed  
i n  F igure 1. 

The coa l  

The heavy coal hydro- 

B. NMR Procedures 

Proton spec t ra  f o r  each sample was obta ined on a Var ian EM-390 spect rometer .  
Carbon-13 NMR spec t ra  were obta ined on Var ian XL-100 and SC-300 sepectrometers, 
ope ra t i ng  i n  t h e  f o u r i e r  t rans fo rm mode. A t  25 MHZ, an 8K spec t ra  was ob ta ined  
on each sample us ing  0.8 sec. a c q u i s i t i o n  t ime, a 45' pu l se  ang le  and no p u l s e  
delay. 
t ime, a 45' p u l s e  angle, and no pu lse  delay. Deuterochloroform was used as 
so l ven t  and samples were r u n  i n  5 o r  10 mm tubes, depending on q u a n t i t y  o f  sample 
ava i l ab le .  
t o  compensate f o r  d i f f e r e n c e s  i n  carbon NOE o r  TI values. 

A t  75 MHZ, a 16 K spec t ra  was obta ined u t i l i z i n g  0.9 sec. a c q u i s i t i o n  

Standard broad-band decoupl ing was used and no at tempts were made 

111. Resul ts  and Discuss ion 

The d i s t r i b u t i o n  o f  m a t e r i a l s  d e r i v e d  f rom g r a d i e n t  e l u t i o n  through s i l i c a -  
alumina g e l  columns a r e  g i ven  i n  Table 1. The asphaltene and o i l  samples were 
f u r t h e r  separated by GPC techniques i n t o  seven sub f rac t i ons .  The a c i d i c  f r a c t i o n  
was f u r t h e r  separated by bo th  GPC and LC techniques i n t o  f i v e  GPC and f i v e  LC 
f r a c t i o n s .  The CMR data o f  se lec ted  f r a c t i o n s  o f  t h e  sa tu ra te ,  monoaromatic, 
d iaromat ic ,  t r i a r o m a t i c ,  p o l y l p o l a r  aromat ic  and asphaltene f r a c t i o n s  a r e  shown 
i n  F igures 2-10. 
species, t h e  sa tu ra tes  reg ion  i s  dominated by t h e  s p e c t r a l  l i n e s  assoc ia ted  w i t h  
normal p a r a f f i n  groups. Wi th subsequent f r a c t i o n s  one observes a marked decrease 
i n  unbranched p a r a f f i n i c  s t r u c t u r e  w i t h  l i t t l e  o r  no evidence o f  such s i d e  chains 
i n  t h e  l a s t  f r a c t i o n s  ( sma l les t  molecular  s i z e )  e l u t e d  from t h e  column. 
r e s u l t s  can be r a t i o n a l i z e d  by cons ide r ing  t h e  volume occupied by f l e x i b l e  a l k y l  
subs t i t uen ts  on t h e  aromat ic  r i n g s  i n  quest ion,  which, on t h e  bas i s  o f  e f f e c t i v e  
molecular  s i ze ,  would be q u i c k l y  e l u t e d  from t h e  column. 

By c l o s e l y  examining t h e  spect ra o f  each GPC f r a c t i o n  and comparing t h e  
l i n e  p o s i t i o n s  w i t h  those o f  model compounds, i t  i s  p o s s i b l e  t o  d e r i v e  s t r u c t u r a l  
features which can be used t o  a r r i v e  a t  types o f  molecular  spec ies t h a t  may be 
present. For  instance,comparison of  F igu re  4 w i t h  F igu re  6, 7, 9 and 10 i l l u s -  
t r a t e s  t h a t  o n l y  a r e s t r i c t e d  number of p o s s i b l e  a l i p h a t i c  and/or c y c l o a l i p h a t i c  
s t r u c t u r e s  a r e  present  i n  s u b s t a n t i a l  amounts i n  t h e  sma l le r  mo lecu la r  weight  
f r a c t i o n s  o f  t h e  po lynuc lea r  aromat ic  and asphaltene compounds as compared w i t h  

It was noted t h a t  i n  GPC f r a c t i o n  number one o f  a l l  aromat ic  

These 
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t h e  monoaromatic f a m i l y  o f  compounds. I n  f a c t ,  t h e  banding s t r u c t u r e  i n  t h e  
a l i p h a t i c  reg ion  o f  F igu res  6, 7, 9, and 10 correspond t o  t h e  l i n e s  p r e d i c t e d  
f o r  hydroaromatic species t h a t  do n o t  c o n t a i n  a l a r g e  number o f  a l k y l  s ide  chains 
on t h e  c y c l o a l i p h a t i c  moei ty .  With t h e  except ion o f  GPC f r a c t i o n s  1 and 2 o f  
a l l  samples examined, which have a r e l a t i v e l y  h igh  percentage o f  n - a l k y l  s i d e  
chains,  one observes a genera l  preponderance o f  a l i p h a t i c  l i n e  pa t te rns  s i m i l a r  
t o  those  i n  F igu res  6, 7, 9, and 10. 

f e a t u r e s  o f  t h e  i n d i v i d u a l  o i l  f r a c t i o n s  examined. No at tempt  has been made t o  
p o r t r a y  a l l  t h e  s t r u c t u r a l  f ea tu res  t h a t  may be present  nor  t o  at tempt  t o  quan- 
t i f y  t h e  r e s u l t s .  Rather ,  s t r u c t u r a l  f ea tu res  a re  g i ven  f o r  t he  most e a s i l y  
i den  ti f i e d  mol e c u l a r  spec ies.  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  e l e c t r o n e g a t i v e  f u n c t i o n a l  groups con ta in -  
i n g  oxygen and n i t r o g e n  u s u a l l y  s h i f t  ad jacen t  carbon atoms s u f f i c i e n t l y  down- 
f i e l d ,  compared t o  carbons which do n o t  bear a s u b s t i t u e n t ,  t o  enable ready 
i d e n t i f i c a t i o n .  O f  t h e  34 GPC f r a c t i o n s  o f  t h e  o i l  f r a c t i o n s  examined i n  d e t a i l ,  
o n l y  3 f r a c t i o n s  e x h i b i t  evidence o f  such f u n c t i o n a l  groups. 
b e r  one i n  t h e  3 - r i n g  a romat i c  f r a c t i o n  was t h e  o n l y  sample exhab i t i ng  carbons 
con ta ined  i n  o r  ad jacen t  t o  an e s t e r  f u n c t i o n a l  group; i . e . ,  R-C-O-C-R. 
case o f  the po lya romat i c /po la r  f r a c t i o n ,  GPC f r a c t i o n s  f o u r  and seven d i s p l a y  
resonance l i n e s  i n d i c a t i v e  o f  t h e  presence o f  e the rs  and/or a l coho ls .  
f u n c t i o n a l  groups cou ld  n o t  be present  i n  more than a few ten ths  percent .  
t h e  CMR data suggests t h a t  t h e  m a j o r i t y  o f  t h e  oxygen and, perhaps t h e  n i t r o g e n  
compounds as w e l l ,  a r e  n o t  present  i n  t h e  o i l s  but, ra the r ,  have probably  con- 
c e n t r a t e d  i n  t h e  o t h e r  f r a c t i o n s  (ac ids ,  bases, and asphaltenes). The CMR da ta  
does n o t  pe rm i t  c o m e n t  on  t h e  presence o f  absence o f  n i t r o g e n  o r  s u l f u r  species. 

Wi th  the  excep t ion  o f  GPC f r a c t i o n s  1, 2, and 3 o f  t he  sa tu ra tes  f r a c t i o n ,  
which con ta in  a lmost  e n t i r e l y  normal p a r a f f i n s ,  t h e  spec t ra l  l i n e s  a r e  so com- 
p l e x  t h a t  a t  25 MHZ o n l y  a smal l  f r a c t i o n  o f  t he  chemical i n f o r m a t i o n  a v a i l a b l e  
can be  i n t e r p r e t e d .  An i l l u s t r a t i o n  example o f  t h e  power o f  carbon-13 NMR tech-  
n iques t o  s i m p l i f y  t h e  problem somewhat i s  i l l u s t r a t e d  i n  F igures 11, 12 and 13. 
I n  t h i s  case t h e  l i g h t  l i q u i d ,  which has n o t  been subjected t o  any f u r t h e r  sep- 
a r a t i o n ,  was examined a t  75 MHZ (F igu re  12) w i t h  t h e  corresponding 25 MHZ spectrum 
( F i g u r e  11) i nc luded  f o r  purposes o f  comparison. The increased f i e l d  o f  t h e  
superconduct ing spect rometer  n o t  o n l y  prov ides a t h r e e - f o l d  i nc rease  i n  l i n e  
d i s p e r s i o n  bu t  a l s o  g r e a t l y  increases t h e  s e n s i t i v i t y .  
f i e l d  one can r e s o l v e  n e a r l y  a l l  o f  t h e  l i n e s  i n  t h e  spectrum i n  F igu re  11. ( I t  
i s  admi t ted t h a t  t h e  l i g h t  l i q u i d  i s  l e s s  complex than the  GPC f r a c t i o n s  con- 
s i d e r e d  i n  t h i s  paper b u t  t he  comparison i s  i n f o r m a t i v e ) .  A 250 Hz p l o t  ( F i g u r e  
13) o f  a p o r t i o n  o f  t h e  a romat i c  r e g i o n  i n  F igu re  12 demonstrates the  weal th  of 
chemical i n fo rma t ion  t h a t  i s  a v a i l a b l e  i n  t h i s  sample. This  l i g h t  l i q u i d  sample 
has been subjected t o  a GC separa t i on  us ing g lass  c a p i l l a r y  column techniques by 
D r .  F. J. Yang.17 Using a f lame i o n i z a t i o n  d e t e c t o r ,  306 peaks i n  t h e  chromato- 
gram were reso lved  and measured by means o f  computer techniques. l7,I8 
o n l y  30-40 compounds a r e  p resen t  i n  s i g n i f i c a n t  amounts (ca. 1%). D r .  J .  N. 
Shoolery  has employed 13C NMR ana lys i s ,  us ing  microsampling  technique^,'^ t o  
i d e n t i f y  to luene as t h e  most prominent  component i n  t h e  l i g h t  l i q u i d . 2 0  The 
resonance p o s i t i o n s  o f  t o l u e n e  a re  marked i n  F igure 12. 

l i n e s  f o r  alkenes a r e  observed i n  n e a r l y  a l l  GPC f r a c t i o n s  s tud ied .  

The data i n  Table 2-6 p rov ide  a convenient  summary o f  t h e  general s t r u c t u r a l  

GPC f r a c t i o n  num- 

I n  t h e  

The 
Hence, 

Hence, w i t h  t h i s  h i g h e r  

However, 

I t  i s  i n t e r e s t i n g  t o  p o i n t  out, w i t h o u t  f u r t h e r  comment, t h a t  t h e  resonance 
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The GPC and LC subfractions of the acid fraction were examined i n  detai l .  
GPC fractions 4 and 5 were no t  studied due to  solubility problems in a solvent 
suitable for CMR studies. GPC fractions 1-3 exhibited resonance lines in the 
aromatic region associated with phenolic and carbazolic structures. However, 
l i t t l e  significant change was observed in either the aromatic or aliphatic 
regions as a function of molecular size. The five LC fractions examined also 
exhibited aromatic lines characteristic of phenol and carbozole derivatives. 
However, the relative changes in resonance line patterns were quite dis t inct ,  
especially in the saturate region, between the various fractions t h a t  were 
eluted from the column. Perhaps the most significant result i s  t h a t  only in 
sample LC-3 (the third sample collected from the column) one observes resonance 
lines from bo th  es ter  and ether functional groups. 
gel columns have functional separation characteristics, i t  i s  n o t  surprising 
that such discrimination i s  noted. 

hibited the resonance lines in the aromatic region characteristic of pyridine 
type compounds and their  derivatives. 

in obtaining chemical structural information on coal derived liquids. As with 
any analytical technique, the detail of the information obtained i s  dependent, 
to  some extent, on the sophistication of the separations scheme employed in 
order t o  reduce the number of compounds or compound types t o  a manageable level. 
However, even the most elaborate separation scheme renders individual compound 
identification very tedious i f  i t  must be carried o u t  manually. Fortunately, 
the advent of sophisticated data processing equipment may soon allow signif i -  
cant progress in this  area as archival f i l e s  and data manipulating sub-routines 
replace the inadequacies of human data analysis. 
will be discussed. 

Inasmuch as silica-alumina 

The basic fraction was subjected t o  LC separation techniques only and ex- 

The CMR data obtained demonstrates the u t i l i ty  of Carbon-13 NMR techniques 

The status of these techniques 

ACKNOWLEDGEMENTS 

Support for  this  work was provided by the Energy Research and Development 
Administration t h r o u g h  contract E (949-1 8)2006. 

27 



REFERENCES 

1. 

2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

See f o r  i ns tance ,  M. Me l r i ng ,  High Reso lu t i on  NMR Spectroscopy i n  So l i ds ,  
Springer-Verlog, B e r l i n ,  Heidelberg, New York 1976. Th is  monograph i s  
p a r t  o f  t h e  s e r i e s  NMR 11, Basic  P r i n c i p l e s  and Progress, E d i t o r s  P. D ieb l ,  
E. Fluck, and R. Kosfe ld .  

R. A. F r i e d e l  and H. L. Retcofsky, Chem. and Ind., 455 (1966). 
R. A. F r i ede l  and H. L. Retcofsky i n  Coal Science, Advances i n  Chemistry 
Series 55, American Chemical Socei ty ,  Washington, D. C., 1966. Page 503-515. 

S. A. Knight ,  Chem. and Ind . ,  1020 (1967). 
See f o r  instance,  T. C. Fo r ro r  and E. D. Becker, Pulse and F o u r i e r  Transform 
NMR. I n s t r u c t i o n  t o  Theory and Methods, Academic Press, New York and London, 
1971. 

See f o r  instance:  a )  H. L. Retcofsky and R. A. F r i e d e l ,  Spectrometer o f  Fuels ,  
e d i t e d  by R. A. F r i e d e l ,  Plerum Press, New York, London, 1070, p. 90-119. 
b )  J. S to the rs  Carbon-13 NMR Spectroscopy, Academic Press, New York, London, 
1972. c )  G. C. Levy and G. L. Nelson, Carbon-12 Nuclear  Magnetic Resonance 
f o r  Organic Chemistry, Wi ley In te rsc ience ,  New York, London, Sydney, Toronto, 
1972. 

H. L. Retcofsky and R. A. F r i e d e l ,  Anal. Chem., 43, 485 (1971). 
H. L. Retcofsky and R. A. F r i e d e l ,  5, Phys. Chem., 77, 68 (1973). 

D. R. C l u t t e r ,  L. Pe t rak i s ,  R. L. Stenger, Jr. ,  and R. K. Jensen, Anal. Chem. 
- 44, 1395 (1972). 
H. L. Retcofsky and R. A. F r i ede l ,  Fuel, 55, 363 (1976). 

J. A. Franz, J. R. Morrey, J. R. Campbell, G. L. Tingey, R. J. Pugmire, 
D. M. Grant, Am. Chem. SOC., Div. o f  Fuel Chem., P r e p r i n t s ,  1975, 70, 
No. 3, Page 12. 

F. K. Scheveighardt, H. L. Retcofsky, and R. A. F r i e d e l ,  Fuel, 55, 313 (1976). 

R. J. Pugmire, D. M. Grant, K. W. Z i l m .  L .  L. Anderson, A. G. Oblad, and 
R. E. Wood, Fuel, 56, 0000 (1972). 
R. E. Wood and W. H. Wiser, Ind. Engng. Chem. - Process Design Dev., 15, 
144 (1976). 

D. E. H i rsch,  R. L. Hopkins, H. J. Coleman, and F. 0. Cotton, Anal. Chem., 
- 44, 915 (1972). 

W. E. Haines and C. J. Thompson, Separat ing and Charac te r i z ing  H igh -Bo i l i ng  
Petroleum D i s t i l l a t e s :  
R I  7414. 

F. J. Yang, Var ian Associates,  Inst rument  D i v i s i o n ,  P r i v a t e  Communication, 
August 1977. 

S .  P. Cram, F. J. Yang, A. C. Brown, 111, and R. N. McCoy, P r e p r i n t ,  1977 
Pettsburgh Conference on A n a l y t i c a l  Chemistry and App l i ed  Spectroscopy, 
Cleveland, Ohio, March 2, 1977. 

J. N. Shoolery and R. E. Majors, American Laboratory ,  May 1977, page 51. 

J. N. Shoolery, Va r ian  Inst rument  D i v i s i o n ,  Var ian Associates, P r i v a t e  
Communication, September 1977. 

The USBM-AI  Procedure, Laramie Energy Research Center, 

I 

I 

I 

I 

i,. I 



fl 
I 

F R-6-P 

I 

f- 

29 



FR-I-M 

F R - I - D  



F R - 7 - D  

FR-7-T 



F R - 7 - P P  

flGURE 11 MR spectra o f  I l g h t  oil taken a t  25 mz. 
15.445 t r a n s i e n t s  were accumlaled.  l o l a l  t i m e  required was 8 hours. 

II D,O c a p l l l a r y  was urcd as external lock. A total of  
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FIELD DESORPTION MASS SPECTROMETRY - APPLICATION TO THE ELUCIDATION OF THE STRUC- 
TURE OF HLlMIC A C I D  by  R .  L. Idershaw, U.S. Geo log ica l  Survey,  Denver F e d e r a l  Cen te r ,  

Denver,  CO, 80225, D. F. Ba ro f sky  and E .  Ba ro f sky ,  Oregon Graduate  C e n t e r ,  Beave r ton ,  
Oregon, 97005 

P r o g r e s s  i n  t h e  e l u c i d a t i o n  of t h e  s t r u c t u r e  of humic a c i d s  has  been impeded, i n  
p a r t ,  by our i n a b i l i t y  t o  d i s s o c i a t e  humic a c i d  a g g r e g a t e s  i n t o  a n a l y z a b l e  u n i t s  and ,  
i n  p a r t ,  t o  t h e  n o n a v a i l a b i l i t y  of  adequa te  a n a l y t i c a l  t o o l s  t o  monitor  t h e  chemica l  
p rocedures .  F i e l d  d e s o r p t i o n  mass s p e c t r o m e t r y  (FDMS) h a s  t w o  p r o p e r t i e s  t h a t  make i t  
i d e a l l y  s u i t e d  t o  t h e  a n a l y s i s  of r e l a t i v e l y  l a r g e  molecu la r  a g g r e g a t e s  such  a s  humic 
a c i d s .  These a r e :  (1) The FDMS of most compounds e x h i b i t  predominantLy molecu la r  or  
pseudomolecular  i o n s  and ( 2 )  sample v o l a t i l i z a t i o n  is n o t  r e q u i r e d  p r i o r  t o  i o n i z a t i o n .  

t h a t  w e  have used t o  d i s s o c i a t e  humic a c i d  f r a c t i o n s  by e n a b l i n g  u s  t o  obse rve  t h e  
d i s s o c i a t e d  f r agmcn t s .  The most s i g n i f i c a n t  r e s u l t  a r i s i n g  o u t  of  t h i s  work t o  d a t e ,  
has  been the o b s e r v a t i o n  of humic a c i d  f r agmen t s  fo l lowing  e i t h e r  c h l o r i n a t i o n  o r  
p e r m e t h y l a t i o n ;  i n  u n t r e a t e d  samples  we g e t  no s p e c t r a .  
m e t h y l a t i o n  i s  a t t r i b u t e d  t o  a r e d u c t i o n  i n  hydrogen bonding.  

t h e o r y ,  i n s t r u m e n t a t i o n ,  and t e c h n i q u e s  The second p a r t  w i l l  p r e s e n t  t h e  r e s u l t s  Of 
t h e  a p p l i c a t i o n  of FDMS t o  t h e  s t r u c t u r a l  e l u c i d a t i o n  of humic a c i d  and t h e  g e n e r a l  
a p p l i c a b i l i t y  of FDPlS t o  s i m i l a r  problems. 

F i e l d  d e s o r p t i o n  mass s p e c t r o m e t r y  a l l o w s  u s  t o  mon i to r  t h e  chemical  r e a c t i o n s  

The d i s a g g r e g a t i o n  on per-  

The f i r s t  par t  o f  t h i s  pape r  w i l l  p r e s e n t  a b r i e f  su rvey  of FDMS, t h a t  i s ,  its 
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